Abstract
Introduction
An intensive research is being recorded in the field of Optical Character Recognition (OCR) in the last decades. The objective of OCR is the conversion of images of characters, digits, and special symbols into editable text form that can be searchable, changeable, and transferable through internet; and required less storage memory.
There are a lot of work on Arabic OCR and Farsi since 1970s [1] , [2] but the Urdu character recognition has got attention of researcher in the 2000s [3] . First work on Urdu OCR system was published in 2000 [3] and a tentative Urdu character recognition system has made available in the 2014s [4] that has some limitation like just upload jpeg image, 300 DPI etc. but it is a good and pioneer attempt for Urdu OCR. The first comprehensive literature review for Urdu OCR has been published in 2013 [5] that bring into light the researchers' efforts and challenges in Urdu OCR development since 2000s. This survey presents some unique issues related to Nasta'liq writing style and benefits to the new reader and researchers in the field of Urdu OCR.
In particular, Urdu digit recognition is more complicated than Latin language because Urdu numerals have more similarity among digits, for example just angle is changed in digits 7 ( ۷ ) and 8 ( ۸ ).The researchers face problems during process of recognition due to same shape, curves, holes and different writing styles so on.
Many approaches and methods have been presented for Arabic and Farsi digit recognition and researchers have come up with few approaches for the Urdu digit recognition. However, there is still a cry for efficient and improved digit recognition system for Arabic, Farsi and Urdu. In this survey paper, many of recent and important work for Arabic and Farsi have been surveyed and in more detail the work for Urdu has been presented because this is first review paper for Urdu digit recognition. Apart from that, peculiarities and issues are also discussed.
Comparisons and Peculiarities
In the Arabic script, the languages like Arabic, Farsi, Urdu, Pashto, Sindhi, Kurdish and Uighur are cursive and context sensitive based languages. The characters are written from right to left but the digits/numbers are written from left to right. The characters have the property of joiner and non-joiner that imposes two to four shapes for characters depending on its position/context in the ligature/subword. The numbers/digits are free from the number of shapes regarding position. Shapes of numbers are varying with language. The two sets of Unicode are introduced for numerals in the Arabic script based languages. The Unicode series"U+0660 -U+0669" are for Arabic-Indic digits and "U+06F0 -U+06F9" is for Eastern Arabic-Indic digits for derivate languages from Arabic script. The Unicode and the glyphs of Eastern Arabic-Indic digits with its variants are shown in the Table. 1. for Arabic, Farsi and Urdu [6] .
International Conference on Recent Advances in Computer Systems (RACS 2015) There is the comparison of the numerals among the Arabic script's languages:
 The digits 4, 5, and 6 in Farsi are differing than Arabic as shown in Table 1 . 
Literature Survey
This study focuses on survey of numerals/digits classification and recognition for Urdu, Farsi and then Arabic with their state of the art techniques.
Urdu Digit Recognition
The Urdu language is derivate form of Farsi language and Farsi language itself is an extended language of Arabic script. Urdu digits share the Unicode of Farsi but some glyphs for numerals are changed from the Farsi. In this section, we survey the state of the art techniques for the Urdu numeral recognition.
Pal and Sarkar [7] used two stages classification and recognition system for isolated Urdu digits. In the first stage, the topological features and contour features used for classification of digits using CART tree classifier and then water reservoir features were used for recognition for similar and confused digits at leaf node of the tree in the second stage. Shamsher et al. [8] applied machine learning model like FFNN on features like top, left, right, and bottom extreme pixels of printed Urdu digits. But the dataset's size of digits has not written and no separate accuracy has shown for digits. Another effort found in [9] , the feature extraction and correlation applied for both handwritten and printed Urdu numerals and achieved 93% and 76% respectively.
An attempt on the Urdu isolated handwritten digits was carried by Sagheer et al. [10] . They first developed the dataset and then binarized, de-noise, and normalize the images of digits. The dataset is divided into 47, 151 training samples and 13,178 testing sample for training and testing SVM on Gradient features. The dataset is not free of cost.
Basu et al. [11] presented recognition system for postal address code for Latin, Devanagari, Bangla and Urdu. Hough transform is used for localization and isolation. Then digits from 4 scripts are clustered into 25 group and extracted multiple features like Quad Tree Longest Run (QTLR), overlapping longest-run (OLR), directional chain-code histogram (CCH) and Gabor filter based features, shadow features [29] , shadow-longest run-octant centroid (SLOC) and combinations of shadow-longest run (SLR). The dataset of Urdu is divided into 2000 training set and 1000 testing set and trained MLP and SVM. The best result achieved with QTLP features and SVM.
In [12] , Haider and Yousaf developed descriptor coinntaing the shape context and then computed bending energy (BE) to measure the difference between the training and testing sets. In [13] , the extension of the [12] work is presented. In which author reported a gradual pruning approach for faster processing that computed the differences between training and testing sets.
Razzak et al. [14] performed binarization, skew and slant correction, and normalization in the offline domain. They performed experiment on HMM, Fuzzy logic rules and combination of both using structural features like holes, start and end point of the chain code, right, left, up and down direction of the pixel in a digits, number of strokes, number and position of cusp etc. for online Urdu and Arabic digit recognition.
Malik et al. [15] used structural features and tree based dictionary for online isolated Urdu digits. 
Arabic/Farsi Digit Recognition
In the literature, we found some efforts on Arabic and Farsi digit recognition but the work is not matured as the Latin digit recognition. Still there is a room for researcher to work for achieving the best digit recognition system. In this section, we try to present the most important and recent work in these two languages.
Azad et al. [16] reported handwritten Farsi digit recognition on features such as transit, angel and distance of contour pixels and trained KNN. Another effort found by Salimi ·and Giveki [17] , in which PCA and 2DPCA Ensemble is used on singular value decomposition (SVD). In 2013, Rawdan [18] presented a novel method of centroid distance combination of Rough sets and Artificial Neural Network (RS_RNN) for Arabic/Farsi isolated numeral recognition. Author employed the hybrid model on IFHCBD database and got accuracy upto 93%.Shokoohi et al [19] perform experiment of CNN on features extracted using nonlinear algorithm from CENPARMI Farsi dataset. They reported 78% recognition rate.
Alvarie [20] extracted geometric features and trained a decision tree based classifier. In 2013, MLP and SVM are implemented on databases of MNIST, HODA, IFHCDB and BANGLA by Azmi [21] . They extracted total nine features from triangular geometry shape; in which six were taken from the coordinated of the triangle and three form the angles. In [22] , extended version of [21] reported and merged the supervised learning such as Euclidean Distance method is for retrieval of information; and Majority Voting and Mean Average Precision is for classification on the features those extracted in the [21] . Nooraliei [23] presented SVM model for handwritten Farsi numeral recognition. The zoning and projection histogram features extracted and fed to SVM for classification and recognition. The recognition rate achieved upto 97.83%.Other Farsi digit recognition systems reported in [24] . Authors extracted twenty templates form the normalized images of digits and NN-MLP employed for classification. The 97.65% accuracy reported.
In 2008, Liu and Suen [25] demonstrated six classifiers (MLP neural network, modified quadratic discriminant function (MQDF), discriminative learning quadratic discriminant function (DLQDF), polynomial network classifier (PNC), class-specific feature polynomial classifier (CFPC), and one-versus-all SVM classifier) for both Indian and Arabic handwritten printed numerals (Bangla and Farsi) on databases of ISI Bangla numerals, CENPARMI Farsi numerals (1800) and IFHCDB Farsi numerals (17, 740) . The gradient direction histogram features were extracted.
The SVM gave the highest accuracy of 99.16% and 99.7% on the databases, respectively.
Behbahan [26] has extracted the directional features from each image of Farsi digits and used BPNN for isolated printed Farsi digits. In 2010,Boveiri et al. [27] used geometric moment invariant for training fuzzy min-max neural networks. Another work by same author reported in [28] that computed on minimum mean distance and other two models of Nearest Neighbor Rule and MLP on extended moment invariant features with statistical features.
In 2011, Rashnoodi et al [29] [30] presented another approach for the recognition of Farsi handwritten digits with the dataset of 80,000 samples. The binarization, slant correction, thickening and size normalization were performed in the pre-processing stage. Then average angle and distance pixels features were extracted by using the box approach. Finally, support vector machine (SVM) with linear kernel is used for classification and resulted features achieved 98.94% recognition rate. Another work by Rashnoodi et al. [31] in 2012 presented support vector machine (SVM), K-nearest neighbor (K-NN) and sequential minimal optimization (SMO) using features of central moments, covariance, median and variance. The principle component analysis applied for recognition of Farsi handwritten digits. The experiment was conducted on database consisting of 1699 handwritten Farsi digit images and 92.38% higher recognition rate was achieved by SMO than the other two classifiers. The SVM classifier achieved 91.34% and K-nearest neighbor classifier achieved 92.04% recognition rate.
Ghanbari [32] extracted zonal features and then they used fuzzy method for recognition and for better accuracy RPSO algorithm was used for selection the best group for fuzzy method.
In 2014, Roy et al. [33] performed experiments of Indian languages with Arabic for handwritten numeral recognition and proposed Axiomatic Fuzzy Set (AFS) theory for feature selection. In this paper [34] , different kind of features like Fourier switch features, stroke density features, contour features, projection features, the barycenter and barycenter distance feature were extracted from handwritten Arabic digits and then filter the features using under and outer analogy.
Recently in 2014, Ghaleb et al. [35] calculated density of digits through horizontal and vertical centroid moments and then used minimum distance classifier. Mahmoud [36] reported Gabor-based filters and Support vector machine (SVM) and achieved highest two average recognition rates are 99.85% and 97.94% obtained by using 3 scales and 5 orientation and 4 scale and 5 orientations. The same authors put forward HMM and nearest neighbor classifier with generation of angle, distance, horizontal and vertical span features for recognition of independent writer offline handwritten Arabic numeral in [37] . They used HMM and the nearest neighbor classifiers, respectively. The misclassification was nearly 1% in the case of HMM.
In [38] , Sinha and Kumar extracted zoning based features like image centroid, zone centroid and combination of these two centroids and passed the extracted features vector to SVM classifier. The highest recognition rate was achieved upto 97.71% for the hybrid features. Sabri and Awaida [39] segmented the images of digits into segments and extracted features like structural, gradient and concavity. They implemented SVM and HMM on extracted features and also compare the result achieved on different features set..The maximum recognition rates were 99.83% for SVM and 99.00% for HMM.
Awaidah and Mahmoud [40] , presented scale invariant and translation invariant technique HMM classifiers for off-line handwritten Arabic numerals recognition with multi-resolution feature extraction approach using GSC algorithm. The features were edge curvature in a neighborhood of a pixel, short strokes types which span several pixels and certain concavities which can span across the image. Different grid sizes have used for segmentation of an image.
Ahmad and Maen [41] represented a structural online approach for the Arabic digits recognition. The shape based features are used by extracting the primary and secondary primitives by identifying the changes in the slope sign, and then the matching has been done by using the special grammar by matching the string of primitives to the digit.
Das et al. [42] combined PCA/MPCA (Principal Component Analysis/Modular PCA) and QTLR (Quad-tree based hierarchically derived LongestRun) for extraction of features handwritten numerals of Arabic and other four scripts using SVM classifier on database of CMATER db 3.4.1 consisting of 3000 samples. Other effort found for Arabic digit recognition found in [43] .
All the methods for feature extraction and state of the art techniques for classification for Arabic and Farsi are summarized into table 3. 
Conclusion
In this paper, we present the complete review of offline as well as online numeral recognition and the comparison of various feature extraction method, classifiers, dataset and accuracies. This survey will provide a complete guidance to new readers and researchers in the field of numeral recognition system.
Future Work
In future, we aim to develop a system for recognition of digits for Urdu, Farsi and Arabic using a classifier or number of classifier and will compare the recognition rates of these languages with the state of the art digits recognition systems. We will also develop the MDLTSM for numerals recognition, which already achieved good accuracy rates for Urdu characters in [44] [45] .
